Health 1 shows that 54% of Brasil's population over the age of 18 is overweight. Among men, 57.3% are overweight, and among women, 51.2%. Recent estimates by the World Health Organization 2 show that in 2016, more than 1.9 billion adults (39%) were overweight and, of these, more than 650 million (13%) were obese.
INTRODUCTION

Sample Size calculation
The sample size calculation was based on a pilot study, considering the minimum significant difference (0,18L) and standard error (0,11L) of the differences between the preoperative and postoperative values for ERV. Using the Mann-Whitney test and adopting a statistical power of 80% and an alpha of 0.05, 20 volunteers were required per group. The sample size calculation was processed using BioEstat, version 5.3. According to Sood ,17 obesity markedly reduces ERV; therefore, this volume is considered the outcome variable of this study.
Inclusion and exclusion criteria
People with body mass index (BMI) between 40 and 55 kg/m 2 , age between 25 and 55 years, who underwent Roux-en-Y gastric bypass by laparotomy were included. People with abnormal preoperative pulmonary function and chest x-ray, smokers, obstructive sleep apnea syndrome, postoperative hemodynamic instability, with hospital stay greater than three days or postoperative complications were excluded.
Investigators
The study included three researchers: one responsible for the initial evaluation and inclusion of individuals, one blind to initial data of volunteers and responsible for randomization, and one responsible for treatment application. After the assessment of eligibility, block randomization was carried out using Microsoft Excel 2007 ® for allocation into the groups, and a sealed envelope was handed to the investigator responsible for treatment application.
Outcome measures
Pulmonary function test For spirometry, a computerized ultrasonic spirometer (Cosmed ® , PONY, Rome, Italy) was used and calibrated daily. For this procedure, the volunteers were asked to remain seated, with their feet on the floor, wearing a nasal clip.
They were also instructed with appropriate verbal commands to perform the maneuvers of slow vital capacity (SVC) and forced vital capacity (FVC), according to the guidelines of the American Thoracic Society (ATS) and European Respiratory Society (ERS) 18 . Each maneuver was repeated until three acceptable, and two reproducible curves were obtained, not exceeding more than eight attempts. The tablished type 2 diabetes, in addition to preventing the development of new cases of this disease 3, 4 .
In upper abdominal surgical procedures, mainly by laparotomy, obesity is a risk factor for intra-and postoperative complications when compared to nonobese individuals, due to previous changes in ventilatory function, arising from greater deposition of adipose tissue, especially in the abdominal area 5, 6 .
Along with these factors, general anesthesia contributes significantly to changes in respiratory mechanics, increasing the reduction in functional residual capacity (FRC) through the early closure of the small airways and thus reducing lung volumes and capacities 7,8 . Lung alterations during the surgical procedure can persist for days postoperatively, increasing the risk of respiratory complications, duration of hospital stay, morbidity and mortality, and costs to the health system 9, 10 .
Several studies have reported the benefits of preand postoperative chest physical therapy for the restoration of lung volumes and capacities and thoracic-abdominal mobility in obese patients 11,12 . The use of positive pressure devices not only contributes to the restoration of pulmonary function, but it is also important for the prevention of atelectasis in the post-operative period [13] [14] [15] .
Therefore, the present research group has been studying effective ways to restore lung volumes and capacities and prevent atelectasis in the post-operative period following bariatric surgery. A preliminary study by Baltieri et al. 16 demonstrated beneficial effects of the application of bilevel positive airway pressure (BiPAP) on the restoration of expiratory reserve volume (ERV) and reduction in atelectasis immediately after extubation, while still in the post-anesthetic recovery (PAR) room. The objective of the present study was to compare the effects of BiPAP application on the immediate postoperative period, while still in the post-anesthetic recovery room, during the first postoperative day, concerning pulmonary function and the prevalence of atelectasis. Confirmation of these benefits can help reduce any restrictions to physiotherapy in the PAR room.
METHODS
Study design and ethical aspects
This was a randomized blind study approved by the Research Ethics Committee of the Methodist University of Piracicaba, São Paulo, Brasil (approval 89/12). extracted values of each curve were selected according to the recommendations of Pereira 19 . The evaluations were performed in the preoperative period, i.e., before the surgery, and on the day of discharge, i.e., on the second postoperative day.
Before starting the postoperative assessment, the pain was evaluated using the Visual Analogue Scale (VAS) with scores ranging from 0 to 10, according to Downie et al. 20 . When the pain was classified as ≤ 4, the evaluation was conducted normally, but when the pain was classified as > 4, analgesia was given, and the pain was classified again after 30 minutes 14 .
Chest X-ray A radiological examination of the thorax was performed at the time of hospital discharge, i.e., on the second postoperative day. The highest total lung capacity (TLC) achieved prior to exhalation was required for the X-rays. The analysis of the presence of atelectasis was based on the radiological report of posterior-anterior and lateral chest x-rays in inspiration issued by the hospital's radiologist, who was blinded to the treatments. The radiological reports that showed atelectasis, pulmonary hypoexpansion, or lung area(s) hypoexpansion(s), regardless of size and location, were recorded.
Experimental procedure
After hospitalization and preoperative evaluation, 43 individuals who fulfilled the inclusion criteria were evaluated and randomly allocated to one of the following groups: PARG: After the surgical procedure, the individuals in this group were extubated and transferred to the PAR room, where they began treatment through the application of BiPAP by a facial interface for one hour, using the device BiPAP Synchrony II (Philips Respironics, Murrysville, PA, USA). After discharge from the PAR room on the same day of surgery, the individuals were transferred to the hospital room and given conventional chest physical therapy treatment.
1PO-G: The people in this group started the treatment on the first postoperative day (1PO), with two sessions of BiPAP application of 30 minutes each, totaling one hour of treatment on the 1PO.
Both groups received BiPAP with the following settings: positive inspiratory pressure was initially adjusted to 12 cmH2O and subsequently adjusted according to the patient's tolerance while maintaining a respiratory rate between 12 and 20 bpm and a tidal volume between 8 and 10 ml/kg of ideal weight (height 2 x ideal BMI). Positive expiratory pressure was set at 8 cmH2O.
All individuals in the study received conventional chest physical therapy (CCP) twice a day on immediate postoperative and twice on the 1PO. Sessions included diaphragmatic breathing exercises, deep inspirations, fractional inspirations, breathing exercises combined with upper limb movement and deambulation, prevention of deep vein thrombosis, and the use of incentive spirometry 11 . A set of 15 repetitions was performed for each exercise, with an average duration of 20 to 30 minutes per session.
All people underwent bariatric surgery performed by the same team, under general anesthesia (induction with sevoflurane and propofol and maintenance with remifentanil) and standardized mechanical ventilation with the Dräger Fabius GS ventilator, in volume control mode, with tidal volume of 6-8 mL/ kg, PEEP of 5 cmH2O, and fraction of inspired oxygen between 0.4 and 0.6. A pre-operative assessment (on the same day of surgery) and a postoperative assessment (on the second day after surgery) were conducted by the same researcher, who was blind to the treatment groups.
The interventions were always performed by the same researcher, who was blind to the pre-and post-operative assessments.
Data analysis
For the normally distributed data, we used the Shapiro-Wilk test to compare the spirometric variables, pre and postoperatively (intra-group analysis), the Student's t-test (parametric test) for paired samples, and the Wilcoxon (non-parametric test) for intergroup comparison. For the analysis, BioEstat version 5.3 was used. To compare the prevalence of atelectasis between the groups, the chi-squared (non-parametric test) was used. A significance level of 0.05 was adopted for all analyzes.
RESULTS
Patients who met the inclusion criteria (n=43)
were randomized and allocated to both groups. Before the implementation of interventions, 03 volunteers were excluded (one due to the difficulty in intubation and presence of bronchospasm, generating a bias for respiratory intervention; two others due to surgical complications (fistula) and hospital stay OTI = orotracheal intubation; BS = bronchospasm. greater than 3 days), totaling 40 volunteers divided into 2 groups of 20 each (Figure 1 ).
Anthropometric and demographic characteristics In Table 1 , the age and anthropometric characteristics of the volunteers are presented for both groups. There was no significant difference between them (p>0.05).
Lung volumes and capacities
In table 2, the measures for the spirometric variables were shown, obtained in SVC and in FVC for each group as well as the evaluations before and after surgery and statistical results. The results of the statistical analysis of the values of the differences between the preoperative and postoperative periods of the two groups are also shown.
In the PAR-G, there was a significant reduction in SVC (p=0.0007), IRV (p=0.0016), and FVC (p=0.0013) postoperatively. For ERV (p=0.4446), there was no difference between the evaluation moments. As for the 1PO-G, there was significant reduction in all variables SVC (p< 0.0001), ERV (p=0.0191), VRI (p=0.0026), and FVC (p<0.0001). In the intergroup analysis, there were significant differences between the treatments for the variables SVC (p=0.0027) and FVC (p=0.0028), i.e. the PAR-G showed a smaller decrease in these capacities. As for ERV (p=0.1646) and IRV (p=0.3973), there was no significant difference between the groups. Figure 2 shows the prevalence of atelectasis evaluated by chest X-rays taken on the day of discharge (2PO): 10% for the PAR-G and 30% for 1PO-G, with a significant difference between the proportions (p=0.0027).
Prevalence of atelectasis
DISCUSSION
In summary, in the PAR-G and 1PO-G, respectively there were significant reductions in SVC, IRV, and FVC but ERV was maintained only for the PAR-G. Comparing the groups, the SVC and FVC showed a significant difference between the treatments; the PAR-G showed smaller declines in these capacities. The prevalence of atelectasis was 10% for the PAR-G and 30% for the 1PO-G.
In this study, there was a decrease in the spirometric variables SVC, FVC, and IRV compared to preoperative values in both groups. In fact, after any surgical procedure, particularly those to the upper abdomen, a decrease in lung volume and capacity is expected, as well as increased respiratory muscle dysfunction 21 and impaired gas exchange.
Such postoperative conditions are generated due to compression of the lung parenchyma by cephalic diaphragm displacement, especially in the supine position, but also to the early collapse of the airways of the lung-dependent regions 17 and manipulation of the abdominal cavity. These factors reduce the FRC 22 and worsen the pain, the limitation in deep inspiration 23 , and the precondition of alveolar hypoventilation. The increase in fat in the abdominal area and the changes in ventilatory mechanics 24 predispose the obese individual to respiratory complications when combined with general anesthesia, especially in the early hours during their stay in the recovery room 25 .
According to Chau et al. 26 , morbidly obese individuals present alveolar hypoventilation, which, combined with anesthetic procedures, influence the decrease in postoperative lung volumes and capacities. These findings are more detectable immediately after extubation.
However, there was a smaller decrease in SVC and FVC in the group that received positive pressure while still in the PAR, as well as, maintenance of ERV. Therefore, the use of BiPAP immediately after extubation, in the PAR, may have corrected the alveolar hypoventilation and expanded areas that collapsed during the surgical procedure. These results are evident in this study and reflect a lower prevalence of postoperative atelectasis in the PAR-G compared to the 1PO-G.
Eichenberger et al. 27 studied morbidly obese and eutrophic individuals evaluated using computed tomography of the thorax and analyzed the presence of atelectasis in three moments: before anesthetic induction for high abdominal surgery, immediately after extubation, and 24 hours after extubation. The authors observed that, among obese individuals, the rate of atelectasis was high even before the anesthesia. After extubation, both groups presented greater alveolar collapse. However, 24 hours later, eutrophic individuals presented a fall in atelectasis, while the obese ones showed an increased prevalence of atelectasis. According to Melero et al. 28 , the deterioration of lung function seems to be more evident within the first 24 hours, which can justify the use of positive pressure in this most critical period, as performed in the present study.
The chest X-ray of the present study was performed on the 2 nd PO, in other words, 48 hours after the surgical procedure, demonstrating that the lung hypoexpansion of these people remains during this period and that, although subclinical, it may trigger other pulmonary complications and thus effective prophylactic measures should be studied.
Non-invasive positive pressure ventilation (NPPV) has been used successfully in postoperative patients after abdominal surgery 13,29 to reverse atelectasis, restore FRC, and prevent the collapse of the upper airways and lung complications 30 .
The use of BiPAP, in particular, seems to be more effective when applied within the first 48 hours after extubation in morbidly obese people 31 . Prophylactic application of positive pressure after gastroplasty has shown improvement of gas exchange and lung function when compared to the use of oxygen therapy alone 32 . The results of Pessoa et al. 31 corroborate these studies by showing a comparison of the use of BiPAP with oxygen therapy in the recovery room. Although the authors did not demonstrate a significant difference in the prevalence of atelectasis, they found that the group that carried out NPPV evolved with better oxygenation, probably by increasing the FRC promoted by positive pressure without compromising the integrity of the gastrojejunal anastomosis.
In this study, the fact that the ERV did not change compared to preoperative values in the PAR-G shortly after extubation and that the 1PO-G had lower values demonstrates the need to reexpand collapsed alveolar units as early as possible. A study by Baltieri et al. 16 comparing the use of positive pressure in the preoperative, intraoperative, and immediate postoperative phases demonstrated that it is always beneficial in restoring the ERV; however, when applied in the immediate postoperative, it decreases the prevalence of atelectasis.
Therefore, the use of BiPAP in the PAR demonstrates the best results in the restoration of lung volumes and capacity and the decrease in the prevalence of atelectasis. However, in most Brazilian institutions, the role of the physiotherapist in the ARRs is not part of the routine, and there are challenges in its insertion in the multi-professional team. Nevertheless, studies such as this reinforce the benefits of having the professional present in PAR to identify patients at risk for physical therapy treatment and thus contribute to better and faster healing of surgical patients.
STUDY LIMITATIONS
The small number of individuals evaluated and the lack of a control group. Most bariatric procedures are laparoscopically performed over recent years; this approach might have led to different results if the same interventions were performed.
CONCLUSION
The application of bilevel positive pressure in people with morbid obesity during post-anesthet-ic recovery, i.e., immediately after extubation, following bariatric surgery can bring more benefits in relation to the maintenance of volumes and lung capacity and decrease in the appearance of atelectasis than when applied on the first day after surgery. The application of BiPAP in the anesthetic recovery room can also be beneficial in the maintenance of the ERV, which is considered the most affected volume in morbid obesity.
Based on the results of this study, it can be concluded that, although there are difficulties in inserting the physical therapist in ARRs, this seems to be the most effective moment for the implementation of chest physical therapy, especially the application of bilevel positive pressure. MÉTODO: Foram estudados 40 obesos mórbidos, com idade entre 25 e 55 anos, submetidos à prova de função pulmonar e radiografia de tórax no pré-operatório e no dia da alta (segundo dia de pós-operatório). Eles foram alocados aleatoriamente em dois grupos: G-RPA (BiPAP na RPA por uma hora) e G-1PO (BiPAP por uma hora no 1PO).
RESULTADOS: No G-RPA e G-1PO, respectivamente, houve reduções significativas na capacidade vital lenta (CVL) (p=0,0007 vs p<0,0001), volume de reserva inspiratório (VRI) (p=0,0016 vs p=0,0026) e capacidade vital forçada (CVF) (p=0,0013 vs p<0,0001). O volume de reserva expiratório (VRE) foi mantido apenas para o G-RPA (p=0,4446 vs p=0,0191). Comparando os grupos, a CVL (p=0,0027) e a CVF (p=0,0028) apresentaram diferenças significativas entre os tratamentos e o G-RPA apresentou menores declínios nessas capacidades. A prevalência de atelectasia foi de 10% para o G-RPA e 30% para o 1PO-G (p=0,0027). 
